Objective: E-health applications are becoming integral components of general medical care delivery models and emerging for mental health care. Few exist for treatment of those with severe mental illness (SMI). In part, this is due to a lack of models to design such technologies for persons with cognitive impairments and lower technology experience. This study evaluated the effectiveness of an e-health design model for persons with SMI termed the Flat Explicit Design Model (FEDM). Methods: Persons with schizophrenia (n = 38) performed tasks to evaluate the effectiveness of 5 Web site designs: 4 were prominent public Web sites, and 1 was designed according to the FEDM. Linear mixed-effects regression models were used to examine differences in usability between the Web sites. Omnibus tests of between-site differences were conducted, followed by post hoc pairwise comparisons of means to examine specific Web site differences when omnibus tests reached statistical significance. Results: The Web site designed using the FEDM required less time to find information, had a higher success rate, and was rated easier to use and less frustrating than the other Web sites. The home page design of one of the other Web sites provided the best indication to users about a Web site's contents. The results are consistent with and were used to expand the FEDM. Conclusions: The FEDM provides evidence-based guidelines to design e-health applications for person with SMI, including: minimize an application's layers or hierarchy, use explicit text, employ navigational memory aids, group hyperlinks in 1 area, and minimize the number of disparate subjects an application addresses.
Introduction
E-health applications for physical health care are becoming more common and improving access, convenience, education, care quality, and care effectiveness. [1] [2] [3] There has been relatively less work creating such applications for mental health treatments, but advances are being made, including for depression and anxiety, 4, 5 panic/phobic disorders, 6 and stress management. 7 Severe mental illness (SMI) has received comparatively little work, though there are notable examples. [8] [9] [10] [11] In part, this is due to a dearth of research to create design models to make these technologies usable by persons with SMI and others with cognitive impairments. [12] [13] [14] [15] A lack of appropriate design models is a primary cause of poor designs of e-health applications for those with cognitive impairments, 16 and will continue to limit the inclusion of, and development of applications for those with SMI. There are numerous guidelines for designing Web sites to support user-directed applications for the general public who do not have special cognitive needs, including those with physical and sensory deficits. 17 These guidelines can produce Web sites with many potential barriers for persons with cognitive impairments, including organizing contents around a few high level conceptual modules; requiring navigation of deep hierarchies; requiring interpretation of potentially enigmatic 1-and 2-word long hyperlinks and labels; and requiring users to create accurate mental models of the organization of pages' and a Web sites' contents in order to navigate them effectively. 18 These standard design models can lead to applications that require a high cognitive effort to navigate and can have quite poor usability for persons with SMI. 12 Though there are some guidelines to create e-health applications for those with cognitive impairments, with few exceptions, 12, 15 they are exclusive of persons with SMI and are frequently based on authors' speculations, intuitions, and commonsense judgments, with little experimental validation. 15 In response, we conducted a series of design and usability studies with persons who have SMI. 15 From these, we created an empirically based nascent design model, termed the Flat Explicit Design Model (FEDM), to improve designs for those with SMI. 15 This model was used to create a Web-based intervention, termed the Schizophrenia Online Access to Resources (SOAR), to provide multifamily psychoeducational treatment to persons with schizophrenia and their family members, in their homes.
11 SOAR proved to be highly usable by persons with SMI, and when compared to usual care, persons with schizophrenia showed a large and significant reduction in positive symptoms and a large and significant increase in knowledge of schizophrenia. The FEDM (table 1) , which now contains 18 design variables, was formulated to reduce the cognitive effort required to effectively use an e-health application by reducing the need for users to: (1) think abstractly, eg, to understand text, via the use of low reading level (table 1  variable #15), simple sentence structure (table 1 vari Hierarchy should have minimal depth, one level past initial page or screen is best. Schizophrenia Online Access to Resources (SOAR) is mainly one page deep, ie, one page beyond the home page. This is accomplished by listing all categories of the Web site's resources on the home page, then, by employing a unique pop-up menu structure a user can survey each of the 12 or so resources in the pop-up menu for a given category and choose a resource without leaving the home page. Navigating only one-page reduces the chances that a user might become "lost" or disoriented.
Minimal content (eg, introductory text) prior to the hyperlinks that lead to an application's content.
Memory aids
Memory aids (eg, pop-up menus) should be used to facilitate navigation and flatten the hierarchy.
Plain
Given the potential vulnerability to overstimulation, pages should avoid distracting and superfluous content (eg, bright colors, icons, and graphics).
Inference
Minimal need to think abstractly to understand the written content of the application, eg, simple sentence and composition structure should be employed.
Explicit
Navigational elements should not need interpretation to understand (eg, hyperlinks, icons, headings, and labels) but should use explicit wording. If 1 or 2 words for a hyperlink or label is not explicit, long phrases are better (eg, SOAR has hyperlinks with up to 19 words), which provide more information and require less interpretation on the part of users.
Scrolling
Emphasis should be placed on scrolling down a page for additional content vs paging, going to another page or screen.
Toolbar
Use of a single constant navigational tool bar should improve comprehension and navigation.
Organization
Grouping of contents (eg, on the home page) should be accomplished using categories or modules that are less abstract, closer conceptually to final destination content, and thus more numerous hyperlink categories should be placed on a home page. Thus, each module or hyperlink on the home page takes a user to a smaller amount of relatively focused content.
Navigation areas
Hyperlinks to additional content should be located in a minimal number of locations on a page or screen, preferably in on location or navigational area on a page. In these areas, more hyperlinks to contents should be provided vs less to decrease the number of pages a user must navigate.
Hyperlinks
In navigation areas, more hyperlinks to contents should be provided vs less to decrease the number of navigation areas and/or pages a user must navigate. 12. Topic areas Page contents should be organized using minimal independent topic areas. 13 To further evaluate this design model and gain additional insights into the design needs of persons with SMI, we compared the usability and design of the SOAR intervention Web site to 4 publicly available Web sites that also provided information on schizophrenia. We present here the results from this comparison and discuss implications of the findings for e-health technology design. This study focused on persons with psychotic disorders. Prior and ongoing studies include persons with a broader range of SMI diagnoses; thus, we believe these results are more broadly relevant to SMI.
Methods

Choice of Web Sites for Evaluation
Five Web sites that included information on schizophrenia were chosen for evaluation. Web sites were identified using Google (www.google.com) to search for the word schizophrenia and by searching the Google Web site directory for Web sites addressing schizophrenia. The Web sites were chosen to represent a range of variation on important design variables. Web sites www.schizophrenia.com and www.nami.org were the most prominent, ie, first, Web sites returned from either a Google search or directory listing for schizophrenia. The Web site www. chovil.com was the only Web site in the top 10 results that was written by a person with schizophrenia and thus may pose distinctive design insights. The Web site www.nmha. org represents a large national mental health organization catering to individuals with mental illness. The fifth Web site, SOAR, 11 we developed to deliver family psychoeducational therapy using a design model specifically created to improve the usability of e-health applications for persons with SMI. Its address is not presented because it is currently under study. All Web sites were downloaded and cached locally to ensure that their contents remained static throughout the study.
The Designs of the 5 Web Sites
The 5 Web sites are characterized using the FEDM design model (table 2) . This was accomplished by 2 experts (authors A.J.R. and M.B.S.) independently rating each Web site and then coming to consensus on any differences in their ratings.
Web Site Evaluation Procedures
Participants were asked to complete a series of tasks and subjectively evaluate each Web site's usability. To control for learning that might occur as subjects were tested on successive Web sites, their order was varied across participants using a 5 × 5 Latin square design. Likewise, the individual tasks for each of the 2 types of tasks were varied across individual Web sites. Timing of tasks was conducted internally and unobtrusively by the computer for accuracy and to minimize the influence on participants of being timed. If the time allotted to complete an individual task expired, the computer screen would automatically blank, and the researcher would direct the participant to the next task. Finally, to minimize testing anxiety, each participant was read a standardized script explaining that the testing was an evaluation of the Web sites and not the participants and that there were no right or wrong answers.
Web site testing was conducted using ergoBrowser (www.ergolabs.com), a software program for recording and timing Web site navigation during usability testing. This program is a simple variation of the Microsoft Internet Explorer Web browser, which ensures that pages rendered by ergoBrowser and Internet Explorer look and behave the same. The software has a similar interface to Internet Explorer and other popular Web browsers. 
Tasks to Evaluate Web Site Usability
Find Specific Information. To assess the ability to navigate each Web site, participants were asked to find information on 3 topics: (1) treatments for schizophrenia, (2) side effects of medications used to treat schizophrenia, and (3) the causes of schizophrenia. Participants were given up to 5 minutes to find the information on each topic. Once a search was over, participants were returned to the home page to begin the next search. The time it took and whether it was found were automatically recorded. , what we term the content disclosure of a home page, participants were asked to study a home page for 60 seconds and then to decide whether they thought (yes/no) a Web site contained information on each of 7 topics (eg, how schizophrenia is treated and the side effects of medications). Participants were able to use the mouse to move the scroll bar to view the entire home page but were not able to use the mouse to explore the home page (eg, open pull-down menus).
Effectiveness of a Home
To assess the ability of the home pages to convey information about both what a Web site does and does not contain, the topics were chosen so that 2 of the 7 were not covered on each Web site.
Web Site Impressions. Following testing on a Web site, participants provided their impressions of the Web site using 2 standard usability evaluation statements: the Web site was (1) easy to use and (2) frustrating to use. These were evaluated using a 5-point subjective rating scale ranging from 1 ("Not at all") to 5 ("Extremely").
Data Analysis
Analyses were conducted using linear mixed-effects regression models to examine differences in usability metrics between each of the study Web sites and logistic regression models to examine differences in dichotomous outcomes. Omnibus tests of between-site differences were first conducted, followed by post hoc pairwise comparisons across Web site when omnibus tests reached statistical significance. The mixed-effects models accounted for the dependent nature of participants' responses to multiple Web sites. In order to meet assumptions of normality, time was analyzed using the log of the time. The computer's automatic task timing mechanism did not function properly for 5 subjects during the tasks to find information. Otherwise missing data were minimal with only one subject missing data from one Web site. Imputation of missing data was not required. In addition to the comparisons of mean times, we compared time to completion of the tasks with log-rank (LR) statistics.
Participants
Participants were recruited from 6 community mental health outpatient psychiatric rehabilitation centers. Enrollment criteria were age ≥18 years; diagnosis of schizophrenia or schizoaffective disorder (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, American Psychiatric Association, 1994); physically able to read the screen of a computer and use a mouse; and able to read at a fifth-grade level. Participants' background characteristics are described in table 3. There were no requirements for prior computer or Internet use. The research protocol for this study was approved by the Institutional Review Board (University of Pittsburgh).
Participant Background Information and Level of Functioning
The researchers administered a questionnaire that collected background information from each participant. They also used the Global Assessment Scale (GAS) 19 to rate each participant's level of functioning. 
Participant Training
To ensure that all participants had the basic skills needed to navigate the 5 Web sites, each participant, regardless of background, was taken through a brief tutorial (covering topics such as mouse use, hyperlink text, navigation buttons, pop-up menus, scrolling down a page) using 3 preselected publicly available Web sites. Training, based on tutorials we have used in previous studies, 20, 21 was provided until each participant demonstrated mastery of the skills needed to navigate the Web sites, which lasted up to 22 minutes. All who met eligibility criteria were able to master these basic skills.
Results
Participants had a mean age of 42.7 (SD = 6.62), 19 (50%) were female, and 15 (40%) were African American/Black. Twenty-one participants had used a computer (55%). Computers were available to 20 (54%) with 10 (27%) having home access and 10 (27%) having access only outside the home.
Web Site Navigation to Find Content: Time and Accuracy
The average time spent searching for information on each site was SOAR (61 ± 41 s), Schizophrenia.com (84 ± 49 s), Chovil (142 ± 94 s, National Alliance for the Mentally Ill (NAMI; 143 ± 101 s), and National Mental Health Association (NMHA; 158 ± 80 s). Participants were more successful finding the targeted information (figure 1) with SOAR (for task 2), or SOAR and Schizophrenia.com (for tasks 1 and 3). For tasks completed successfully, participants spent the least amount of time finding the targeted information with SOAR and Schizophrenia.com (table 4) . Participants spent less time searching for information using SOAR (for task 2, figure 1), or SOAR and Schizophrenia.com (for tasks 1 and 3). Comparisons of time searching for information with the LR chi-square tests indicated that there were differences among the Web sites for the 3 tasks (task 1, LR = 38.7, P = .000; task 2, LR = 12.2, P = .02; task 3, LR = 34.9, P = .000).
Subjective Evaluations of Each Web Site
Participants rated SOAR the easiest to use and Schizophrenia.com next easiest (table 4). The remaining 3 Web sites all obtaining lower ratings and statistically not different from each other. Rated as the most frustrating Web sites to use were NMHA, NAMI, and Chovil, with the least frustrating being SOAR and Schizophrenia.com, which were statistically not different from each other.
Web Site Home Page Content Disclosure
The ability of participants to accurately judge or predict the contents of a Web site based solely on viewing the home page (table 4) was best for Schizophrenia.com (77%) and SOAR (73%), followed by Chovil.com (66%).
Correlates of Performance Measures: Demographic, Computer Use, and Global Functioning
Performance as assessed by any of our measures was not significantly related to any of the demographic measures nor the GAS score. Previous experience with using Web sites but not with computer games decreased the mean time taken to complete a task by an average of 16.5 seconds (95% CI = 0.6, −32.4, P = .005).
Discussion
There has been a dearth of research on designing e-health applications for use by persons with SMI and others with cognitive impairments.
14 As a result, even though there are a growing number of e-applications, their designs may not be effective for persons with SMI. 12, 15 Without models to design technologies for those with special cognitive needs, these users may be unable to participate in emerging e-health care delivery models. The results presented here indicate that there are clear differences in the effectiveness of designs for persons with schizophrenia and, further, that design models can be developed to increase usability.
When evaluated for the ability to find information and the time to find information, SOAR appears to have the best design model, Schizophrenia.com next, and Chovil. com third. There are several design differences that likely contributed to differences in Web site performances, including SOAR having its hyperlinks at the top of the page, even before introductory text; using explicit hyperlink wording, the most explicit wording of the tested Web sites; employing memory aids for navigation; having a single constant navigational toolbar that reduced the chances of getting lost; having a single navigation area; and having 2 topic areas, the fewest of the tested Web sites.
Though the designs of these 3 Web sites have important differences, they have several commonalities that likely contributed to their superior performance. All 3 have a shallow hierarchy, have little or no distracting and/ or superfluous content, rely on scrolling vs paging to provide more hyperlinks to the application's contents, employ less abstract concepts to organize contents on the home page, and use relatively explicit hyperlink labels. In addition, the information targeted in these tasks was in 1 area on the home page, and the Web sites focused on a single illness, schizophrenia. However, in the Schizophrenia. com home page design, contents and information were presented in several columns, groups of hyperlinks were located in several locations on the page, and it contained images, which are all different than the home page design for SOAR and appear to be less appropriate for persons with SMI. In Chovil.com, the hyperlinks were in 1 location on the home page, but unlike SOAR, they were separated into 2 columns, each column was divided into 3 sections, and as is described below, there was a large amount of text prior to these hyperlinks on the home page.
These characteristics of Chovil.com are less appropriate for persons with SMI. But having hyperlinks to the schizophrenia content in 1 general location on the home page and having a single illness focus are likely 2 of the design features that contributed to the relatively superior performance of these 3 Web sites over the other 2. In the other 2 Web sites, many illnesses and themes were addressed on the home page other than schizophrenia, and the hyperlinks to information were scattered across many locations. As a result, the page designs were more complex and required more cognitive effort to understand and use.
The ability of a home page to convey information to users about a Web site's contents we termed a home page's content disclosure. The better the disclosure of an application's contents that a home page design can provide to users, the easier it will be for users to decide if a Web site will meet their needs, and to find and thus use a Web site. A Web site may have dozens, hundreds, or even millions of pages. 22 Without an effective home page design, the need to search through a Web site to understand and find its contents could prove an insurmountable challenge, 
Easy to use especially for persons with schizophrenia and others with cognitive impairments. Three design characteristics are likely to have contributed to the superior performance of Schizophrenia.com on the content disclosure task: the 24 hyperlinks to the primary information on schizophrenia in the Web site were grouped together in 1 location; they were near the top of the home page, which would reduce the searching required to find them; and they were well labeled to be hyperlinks about schizophrenia. The home page of Schizophrenia.com was designed with 3 columns of information, and these hyperlinks were located in the middle column. This location is close to the top left of the page, which our model would indicate is an even better location because this is where one often begins to search through a page.
SOAR, which performed the second best on the disclosure task, also had the hyperlinks to its primary information on schizophrenia grouped together and near the top of the home page. However, in SOAR's design, the page was simpler, using only a single column of contents to display these 10 hyperlinks. As one moved the mouse over each of these hyperlinks (ie, "mouse-over"), a list of hyperlinks to final destination contents popped up to the right. Thus, by using the mouse, one could see hyperlinks to virtually all the contents of SOAR. However, if one was not able to move the mouse over the page, but only use it to move the scroll bar, as was the case during the content disclosure task, this additional information available on SOAR's home page would not be seen, and more information would be revealed about the contents of Schizophrenia.com than about SOAR. This additional information available from mere visual inspection was likely an advantageous design characteristic for this task.
In comparison to the remaining 3 Web sites, none had their hyperlinks to schizophrenia information near the top of the home page. The importance of information being placed near the top of the page is consistent with the relatively poorer performance of Chovil.com. Even though this design had all of its hyperlinks to schizophrenia information on the home page grouped in 1 location, and there were more than 30 hyperlinks, a larger number than Schizophrenia.com or SOAR, there were 4 paragraphs of text before one was able to view these hyperlinks, this is about a full screen/page or more long (depending on monitor size). This was likely one barrier to the effectiveness of this design. For this task, Schizophrenia.com had at least 1 design advantage over SOAR, and these 2 Web sites potentially had several over the other 3 Web sites in the evaluation.
The NAMI and NMHA Web sites had the fewest correct content disclosure judgments across the participants; were the only Web sites receiving judgments that none of the information was present; and were the only Web sites where overall, users underestimated the presence of information on the Web site. The diversity of illnesses and topics covered, and the complexity of their designs likely caused significant impediments to understanding and navigating these Web sites. Participants' subjective impressions of the 5 Web sites were in line with their performance on tasks. The more usable Web sites were judged to be superior as well.
There are several elements of the FEDM that can be in conflict. For example, while a prescription is to use minimal text, it also indicates that more information should be placed on a screen to prevent the need to navigate to another screen and, instead, have users scroll down a screen. We believe that scrolling for more information is not optimal, but far better than navigating to another page. In this same vein, it is better to present more hyperlinks on a given topic than fewer, if fewer leads to additional navigation, and hyperlinks and headings should be explicit, which often requires the use of more text. There are clearly design trade-offs that must be made between these variables. We hypothesize, based on our observations, that all else being equal, navigation is potentially the variable with the single most important effect on usability. That is, the more user-directed navigation required, the less usable an application will be. The difficulty here is to reduce the need to navigate while still creating a design that incorporates the other prescriptions and is relatively simple.
Not surprisingly, those with experience using Web sites took less time to complete tasks. However, much of the time effect was because they successfully completed more of the tasks, whereas those without experience using Web sites, more frequently could not find the target information in the allotted time or gave up and were assigned the maximum search time allowed. Thus, Web site use experience influenced participants' ability to complete tasks; however, their experience with computers and GAS score did not.
Conclusions
There has been a dearth of work to create models for designing Web sites to be accessible to persons with SMI and cognitive impairments. Adding to previous work, several components to our design model were reinforced or can be put forward based on these findings. To be more accessible to those with SMI, home pages, and navigation pages in general, should have (1) a single illness or topic focus, or at least have the hyperlinks for a given illness or topic grouped together in one area of a screen; (2) the hyperlinks to contents be as prominent as possible, eg, being at or near the top left of a page, and well labeled; (3) minimal content on a page prior to the hyperlinks to contents (eg, introductory text); (4) the number of hyperlinks on a page about a given illness or topic be more numerous and potentially requiring use of the scroll bar to see all contents, rather than less-the latter utilizes a progressive disclosure approach that provides only a few hyperlinks to major topic areas on a page and requires users to progressively navigate through successive pages to obtain final destination contents; (5) the text of hyperlinks as explicit as possible; and (6) the hyperlinks for a given illness or topic placed together in a single column.
Together, these results indicate that when specific design considerations are implemented, Web sites, and likely other e-health applications, will be appropriate for use by persons with SMI. By creating designs that can reduce the cognitive effort required to use e-health applications, usability can be greatly improved for this population with the potential for marked impact on both mental and traditional physical health outcomes. 
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